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(57)Abstract: 

PURPOSE: To provide a nonvolatile semiconductor 
memory device wherein a chip size for acquiring a 
memory of the same capacity is greatly reduced, high 
integration is possible and layout design which is free in 
three dimensional direction is possible. 
CONSTITUTION: A channel region 6a is formed in a 
semiconductor thin film 6 which is formed directly or 
indirectly through another functional thin film on an 
insulating film 4. A floating gate 10 and a control gate 14 
for constituting a nonvolatile semiconductor memory are 
formed through an insulating film at an upper layer side 
and/or a lower layer side of the semiconductor thin film 6 
wherein the channel region 6a is formed. Thereby, a 
TFT-type EPROM or E2PROM is constituted. A gate 
electrode of an MNOS structure can be formed at an upper layer side and/or a lower layer 
side of the semiconductor thin film 6. 
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* NOTICES * 



The Japanese Patent Office is not responsible for any 
damages caused by the use of this translation. 

1. This document has been translated by computer. So the translation may not 
reflect the original precisely. 

2. **** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 



CLAIMS 



[Claim(s)] 

[Claim 1] TFT type nonvolatile semiconductor memory equipment characterized by 
having formed the gate electrode structure for constituting nonvolatile 
semiconductor memory in an upper layer [ of the semiconductor thin film which 
forms a channel field in the semiconductor thin film currently indirectly formed 
through other direct or functional thin film on the insulator layer, and by which this 
channel field was formed in it ], and/or lower layer side. 
[Claim 2] The above-mentioned gate electrode structure is TFT type nonvolatile 
semiconductor memory equipment according to claim 1 which consists of the 
floating gate by which a laminating is carried out through an insulator layer, 
respectively, and the control gate. 

[Claim 3] The above-mentioned gate electrode structure is TFT type nonvolatile 
semiconductor memory equipment according to claim 1 which consists of the 
silicon nitride film by which a laminating is carried out through an insulator layer, 
and a gate electrode. 



[Translation done.] 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] this invention relates to TFT (TFT) type nonvolatile 
semiconductor memory equipment especially with respect to nonvolatile 
semiconductor memory equipment. 
[0002] 

[Description of the Prior Art] As nonvolatile semiconductor memory equipment, 
EPROM in which an informational deletion and informational writing are possible, 
flash plate type E2 PROM, and MNOS type E2 PROM are known. These EPROMs, 
flash plate type E2 PROM, and MNOS type E2 PROM form the source, a drain field, 
and a channel field in the semiconductor substrate made from silicon in the 
former, and the gate electrode structure for constituting non-volatile memory on 
the semiconductor substrate is formed. 
[0003] 

[Problem(s) to be Solved by the Invention] Since a memory cell must be arranged 
two-dimensional along the front face of a semiconductor substrate in order to 
increase the capacity of such conventional nonvolatile semiconductor memory 
equipment, it has the trouble where the chip size of a memory apparatus must be 
enlarged. Recently the memory apparatus which attained high integration by 
devising the array of gate electrode structure is developed, and, fundamentally, 
there is a limitation also in high integration for the configuration which arranges a 
memory cell two-dimensional along the front face of a semiconductor substrate. 
[0004] Moreover, with the configuration of the conventional nonvolatile 
semiconductor memory equipment, since it is the configuration which forms the 
source, a drain field, and a channel field in a semiconductor substrate, the physical 
relationship of a channel field and a gate electrode becomes settled uniquely, and 
it also has the trouble where the degree of freedom of a design layout is narrow. 
[0005] It can be made in view of such actual condition, the chip size for obtaining 
the memory of the same capacity can be reduced sharply, it can be integrated 
highly, and this invention aims at offering the nonvolatile semiconductor memory 
equipment in which a free layout design is possible in the orientation of 3 
dimension. 
[0006] 

[Means for Solving the Problem] In order to attain such a purpose, with the 



nonvolatile semiconductor memory equipment of this invention, the gate electrode 
structure for constituting nonvolatile semiconductor memory is formed in the 
upper layer [ of the semiconductor thin film which forms a channel field in the 
semiconductor thin film currently indirectly formed through other direct or 
functional thin film on the insulator layer and by which this channel field was 
formed in it ], and/or lower layer side. 
[0007] 

[Function] With the nonvolatile semiconductor memory equipment of this 
invention, a reduction and high integration of a chip size are attained by forming a 
channel field in a semiconductor thin film, non-volatile memory of TFT structure 
being realized since the gate electrode structure for constituting nonvolatile 
semiconductor memory in an upper layer [ of the semiconductor thin film ] and/or 
lower layer side is formed, for example, forming the circumference circuit for a 
memory drive in a semiconductor substrate etc. Moreover, since it is enabled to 
arrange gate electrode structure to an upper layer [ of a semiconductor thin film ], 
and/or lower layer side, the degree of freedom of a design layout increases. With 
the structure of having a gate electrode in the lower layer side of a semiconductor 
thin film especially, it is enabled to communalize this gate electrode with the gate 
electrode of the channel formed in the semiconductor substrate, and is enabled to 
reduce the number of gate electrode wirings. 
[0008] 

[Example] Hereafter, the TFT (TFT) type nonvolatile semiconductor memory 
equipment concerning one example of this invention is explained in detail, 
referring to a drawing. The important section outline cross section of TFT type 
nonvolatile semiconductor memory equipment which drawing 1 requires for one 
example of this invention, and the drawings 2 -7 are important section outline 
cross sections of the TFT type nonvolatile semiconductor memory concerning other 
examples of this invention. 

[0009] The nonvolatile semiconductor memory equipment 2 shown in drawing 1 is 
EPROM currently formed in the semiconductor thin film, and has the memory cell 3 
of a configuration so that it may illustrate. In each memory cell 3, the 
semiconductor thin film 6 is formed on the layer insulation layer 4 currently 
formed on the semiconductor substrate not to illustrate. This semiconductor thin 
film 6 is a pblysilicon contest thin film formed by CVD, and channel field 6a and 
source drain field field 6b are formed in this thin film 6. In addition, you may be 
made to use an amorphous silicon thin film or the single-crystal-silicon thin film of 
SOI (Silicon On Insulator) structure which carried out single crystal growth as a 
semiconductor thin film 6 in addition to a polysilicon contest thin film. Although 
especially the thickness of the semiconductor thin film 6 is not limited, they are 
several 100 - about 1000A of numbers preferably. It is so desirable that the grain 
size of a thin film 6 is large from the viewpoint which prevents a leakage current. 
[0010] On the semiconductor thin film 6, the laminating of the gate insulator layer 
8 is carried out. The gate insulator layer 8 consists of a silicon-oxide thin film 
formed by CVD. Although it is not limited, especially the thickness of the gate 
insulator layer 8 is about 400A or less, when it constitutes floating-gate type 
EPROM. Moreover, when it constitutes flash plate type E2 PROM which has the 



floating gate, it is about 100A. Fundamentally, floating-gate type EPROM and flash 
plate type E2 PROM which has the floating gate have the same configuration, and 
the thickness of a gate insulator layer and the informational write-in deletion 
technique have a difference. By floating-gate type EPROM, an information is 
written in using the hot-electron effect and an information is written in by flash 
plate type E2 PROM which has the floating gate using the tunnel effect. 
[00111 The floating gate 10 is formed on the gate insulator layer 8. The floating 
gate 10 is formed by etching into a predetermined pattern the polysilicon contest 
layer formed by CVD etc. Source drain field 6b mentioned above is formed by 
carrying out the ion implantation of the impurity of N type to the semiconductor 
thin film 6 in self aryne, after forming the floating gate 10. In making the MOS 
transistor of P type constitute, it carries out the ion implantation of the impurity of 
P type 

[0012] On the floating gate 10, the control gate 14 is formed through an insulator 
layer 12. The control gate 14 is formed like the floating gate. On the floating gate 
14, the laminating of the layer insulation layer 16 is carried out, and a wiring layer 
is formed on this insulator layer 16. . 
[0013] With the nonvolatile semiconductor memory equipment 2 which consists or 
EPROM of such a configuration, informational writing is performed by storing up an 
electron to the floating gate 10 using the hot-electron effect between source 
drains. Moreover, an informational deletion is performed by making an electron 
emit from the floating gate 10 by irradiating an ultraviolet linear light etc. 
Moreover, when referred to as flash plate type E2 PROM with the structure shown 
in drawing 1 , and the same structure, an informational write-in deletion is 
performed by the electronic injection and electronic exudation to the floating gate 
10 using the tunnel-current effect. 

[0014] Drawing 2 shows other examples of this invention, and shows the example 
at the time of applying this invention to MNOS (Metal Nitride OxideSemiconductor) 
type E2 PROM. In each memory cell 3a of semiconductor memory equipment 2a of 
this example, the semiconductor thin film 6 is formed oh the layer insulation layer 
4 This semiconductor thin film 6 is the same as that of the semiconductor thin 
film 6 shown in drawing 1 , and channel field 6a and source drain field field 6b are 
formed in this thin film 6. On the semiconductor thin film 6, the oxidization silicon 
layer as gate insulator layer 8a is formed. The thickness of this oxidization silicon 
layer is 20A or less. This oxidization silicon layer is formed by CVD. On insulator 
layer 8a which consists of this oxidization silicon layer, the laminating of the silicon 
nitride film 18 is carried out. The trap which captures an electron exists in this 
silicon nitride film 18, the high electric field are ****ed to insulator layer 8a, a 
tunnel current is passed, and an informational write-in deletion is performed. On a 
silicon nitride film 18, the gate electrode 20 is formed by the predetermined 
pattern. As a gate electrode 20, the metal-electrode layer which consists of 
aluminum, for example is used. 

[0015] Drawing 3 shows other examples to the pan of this invention, and shows 
the example of TFT type nonvolatile semiconductor memory equipment of bottom 
gate structure. In each memory cells 3b and 3c in the semiconductor memory 
equipments 2b and 2c of this example, on the layer insulation layer 4, the 



laminating of the control gate 14, the insulator layer 12, the floating gate 10, the 
gate insulator layer 8, and the semiconductor thin film 6 has been carried out in 
this order, and the gate electrode is formed underneath the semiconductor thin 
film 6. And source drain field field 6b and channel field 6a are formed in the 
semiconductor thin film 6. Thus, TFT in which the gate electrode is formed 
underneath the semiconductor thin film 6 is called bottom gate type TFT. It is 
enabled to wrap the floating gate 10 especially in the example shown in drawing 3 
(b) at the control gate 14, since concavity 4a is formed in the front face of an 
insulator layer 4 and it is made to form bottom gate EPROM or E2 PROM of TFT 
structure in this concavity 4a, moreover the front face of a semiconductor device 
becomes a flat, and it is convenient. 

[0016] In semiconductor memory equipment 2c of the example shown in drawing 
4 , many top gate type memory cells 3 of TFT structure which is shown in drawing 
1 , and two kinds of memory cells with bottom gate type memory cell 3b of TFT 
structure which is shown in drawing 3 (a) are arranged on the front face of the 
layer insulation layer 4. It is desirable to constitute the semiconductor thin film 6, 
the floating gate 10, and the control gate 14 from this example by the polysilicon 
contest thin film which is the same quality of the material altogether. It is for 
making a manufacture easy. 

[0017] With 2d of the semiconductor memory equipments of the example shown 
in drawing 5 , the transistor 24 of an N type MOS structure is formed in the front 
face of the semiconductor substrate 22, and the top gate type memory cell 3 of 
TFT structure which is shown in drawing 1 through the layer insulation layer 4 is 
formed on it. In this example, in order to lose the influence of the gate electrode 
26 of the transistor 24 of the N type MOS structure to channel field 6a currently 
formed in the semiconductor thin film 6, it is necessary to fully take the thickness 
of the layer insulation layer 4. The thickness of this layer insulation layer 4 is 
1000A or more. In addition, a sign 28 is the gate insulator layer of the transistor 
24 of an N type MOS structure among drawing, a sign 30 is the source drain field, 
and a sign 32 is a selective-oxidation field as an isolation field. 
[0018] In semiconductor memory equipment 2e of the example shown in drawing 
6 , the gate electrode of transistor 24a of the N type MOS structure currently 
formed in the front face of the semiconductor substrate 22 is used also [ gate / 
control / 14 / of bottom gate type memory cell 3b of TFT structure ], and it has 
communalized. In this example, it is enabled to reduce the number of gate 
electrode wirings. 

[0019] The semiconductor memory equipments 2f and 2g of the example shown in 
drawing 7 (a) and (b) have the memory cells 3f and 3g which have carried out the 
laminating of the floating gates 10a and 10b and the control gates 14a and 14b to 
the both sides by the side of the upper layer of the semiconductor thin film 6, and 
a lower layer through insulator layers 8a, 8b, 12a, and 12b, respectively. Thus, by 
preparing a gate electrode in the vertical both sides of channel field 6a of the 
semiconductor thin film 6, it can be enabled to enlarge the ON state current which 
flows channel field 6a, and the on-off ratio of a memory cell can be raised. 
Moreover, by preparing a gate electrode in the vertical both sides of channel field 
6a, these gates electrode serves as a shield and the bad influence to channel field 



6a from other wiring layers can be prevented. 

[0020] Especially in the example shown in drawing 7 (b), the semiconductor thin 
film 6 is formed comparatively thickly, and since the laminating has been carried 
out so that the semiconductor thin film 6 may be covered by floating-gate 10a by 
the side of the upper layer, and control gate 14a, it is enabled to also use the side 
face of the semiconductor thin film 6 as channel field 6a. You may constitute so 
that an individual gate electrode may be arranged on the side face of the 
semiconductor thin film 6 with a natural thing. In addition, drawing 7 (b) is a cross 
section which crosses channel field 6a. 

[0021] in addition, this invention is not limited to the example mentioned above, 
within the limits of this invention, can be boiled variously and can be changed 
[0022] 

[Effect of the Invention] As explained above, according to this invention, a 
reduction and high integration of a chip size are attained by forming the 
circumference circuit for a drive where non-volatile memory of TFT structure is 
realized, for example, high drive capacity is required of a semiconductor substrate 
etc. Moreover, since it is enabled to arrange gate electrode structure to an upper 
layer [ of a semiconductor thin film ], and/or lower layer side, the degree of 
freedom of a design layout increases sharply. With the structure of having a gate 
electrode in the lower layer side of a semiconductor thin film especially, it is 
enabled to communalize this gate electrode with the gate electrode to the channel 
formed in the semiconductor substrate, and is enabled to reduce the number of 
gate electrode wirings. Moreover, in this invention which prepared the gate 
electrode in the vertical both sides of the channel field currently formed in the 
semiconductor thin film, an up-and-down gate electrode serves as a shield, and 
the bad influence to the channel from other wiring layers can be prevented. 



[Translation done.] 



